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(54) RADIO BASE STATION DEVICE AND RADIO COMMUNICATION METHOD 



(57) Direction of arrival estimation sections 106a 
and 106b estimate directions of arrival for communica- 
tion terminals. Grouping decision section 107 divides 
the communication terminals that belong to a sector into 
a plurality of groups based on the results of direction of 



arrival estimations. Scramble code assignment control 
section 114 performs assignment control in such a way 
that a same scramble code is assigned to channels with 
similar (not necessarily completely the same) directivi- 
ties. 
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Description 

Technical Field 

[0001] The present invention relates to a radio base 
station apparatus and radio communication method 
used in a digital radio communication system. 

Background Art 

[0002] In a digital radio communication system, in the 
case where transmission with controlled directivity is 
performed on a downlink (downlink adaptive array an- 
tenna transmission), the number of sectors, which 
means areas where transmission/reception is per- 
formed with same directivity, is expected to reduce. That 
is, it is possible to achieve an effect similar to sectoriza- 
tion by carrying out transmission with directivity, which 
transmits data with beams focused on a specific direc- 
tion through signal processing, and therefore applying 
transmission with directivity is believed to reduce the 
number of physical sectors. 

[0003] Thus, the number of channels (number of user 
terminals) that can be accommodated per sector will in- 
crease by reducing the number of sectors through ef- 
fects of reducing the number of sectors and applying an 
adaptive array antenna, that is, by enabling transmis- 
sion with directivity to be performed through signal 
processing. When the number of channels that can be 
accommodated within a sector increases, concerns rise 
that there will inevitably be a shortage of spreading 
codes under a same scramble code on the downlink. To 
resolve this shortage of spreading codes, it is anticipat- 
ed that a plurality of scramble codes will be used within 
the same sector. 

[0004] Conventionally, when a plurality of scramble 
codes is used within the same sector, the number of 
scramble codes is simply increased to resolve the short- 
age of spreading codes, and in this way scramble codes 
are assigned regardless of directivity of each channel. 
In such a case, as shown in FIG.1 , there is a possibility 
that different scramble codes #0 to #2 will be used 
among a plurality of channels in a same direction. 
[0005] Originally, a same scramble code is used in a 
sector and transmission from a base station is carried 
out in synchronization therewith, and therefore orthog- 
onality with no cross-correlation interference among 
codes can be expected. However, if scramble codes #0 
to #2, which vary among a plurality of channels in a 
same direction, are used, the orthogonality can no long- 
er be guaranteed (expected). 

[0006] Thus, compared to a case where no adaptive 
array antenna is used, that is, the same scramble code 
is used for all channels within a sector, there will be a 
problem in reception at each communication terminal 
that cross-correlation interference from other channels 
occurs and the reception characteristic deteriorates. 



Disclosure of Invention 

[0007] It is an object of the present invention to pro- 
vide a radio base station apparatus and radio commu- 

5 nication method capable of reducing cross-correlation 
interference among a plurality of channels when a plu- 
rality of scramble codes is used within a same sector. 
[0008] A subject of the present invention is to assign 
a same scramble code to channels with similar (not nec- 

io essarily the same) directivities in a system that uses 
transmission with controlled directivity on a downlink 
(adaptive array antenna), thereby improve orthogonality 
among a plurality of channels in a same direction and 
reduce cross-correlation interference from other chan- 

'5 nels during reception from each communication termi- 
nal. 

Brief Description of Drawings 
20 [0009] 



FIG.1 is a drawing to explain a conventional radio 
communication method; 

FIG .2 is a block diagram showing a configuration of 
a radio base station apparatus according to Embod- 
iment 1 of the present invention; 
FIG.3 is a drawing to explain a radio communication 
method according to Embodiment 1 above; 
FIG.4 is a block diagram showing a configuration of 
a radio base station apparatus according to Embod- 
iment 2 of the present invention; 
FIG.5 is a drawing to explain a radio communication 
method according to Embodiment 3 of the present 
invention; 

FIG. 6 is a block diagram showing a configuration of 
a radio base station apparatus according to Embod- 
iment 3 above; 

FIG.7 is a block diagram showing a configuration of 
a radio base station apparatus according to Embod- 
iment 4 of the present invention; and 
FIG.8 is a drawing to explain a radio communication 
method according to Embodiment 4 above. 
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Best Mode for Carrying out the Invention 

[0010] With reference now to the attached drawings, 
embodiments of the present invention will be explained 
in detail below. 



50 (Embodiment 1) 

[0011] FIG. 2 is a block diagram showing a configura- 
tion of a radio base station apparatus according to Em- 
bodiment 1 of the present invention. Here, a case where 
55 a plurality of scramble codes is used in a same sector 
will be explained. For brevity of explanations, a case 
where the number of channels (number of users) is 2, 
the number of antennas is 2 and the number of scramble 
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codes used is 2 will be explained. 
[0012] Uplink signals received via antennas 101 and 
102 are each passed through duplexers 103 and 104 
and input to radio reception section 105. Radio recep- 
tion section 1 05 applies radio reception processing such 
as down-conversion and A/D conversion to the recep- 
tion signals to obtain baseband signals. These base- 
band signals are sent to direction of arrival estimation 
sections 106a and 106b, respectively and at the same 
time sent to reception adaptive array antenna (reception 
AAA) circuits 109a and 109b, respectively. 
[0013] Direction of arrival estimation sections 106a 
and 106b estimate the directions of arrival of the recep- 
tion signals of the respective channels (users). These 
direction of arrival estimation results are sent not only 
to grouping decision section 107 but also to transmis- 
sion weight calculation sections 126a and 126b and re- 
ception AAA circuits 109a and 109b. Transmission 
weight calculation sections 126a and 126b calculate 
transmission weights based on the direction of arrival 
estimation results. These transmission weights are sent 
to transmission AAA circuits 123a and 123b for the re- 
spective channels (users). 

[001 4] Grouping decision section 1 07 decides groups 
that include terminals based on the direction of arrival 
estimation results. These decision results are sent to 
scramble code assignment control section 114. 
[0015] Reception AAA circuits 109a and 109b apply 
reception AAA processing to the reception signals 
based on the direction of arrival estimation results from 
direction of arrival estimation sections 106a and 106b 
and output the signals subjected to the reception AAA 
processing to matched filters 110 and 111 for each re- 
ception directivity. 

[0016] Matched filters 110 and 111 carry out de- 
spreading processing on the reception signals using a 
scramble code (Scr) and spreading code (Spr). The de- 
spread signals are sent to demodulation sections 112 
and 113, respectively, where the despread signals are 
subjected to demodulation processing and reception 
data 1 and 2 are obtained. 

[0017] On the other hand, the decision results (group- 
ing results) from grouping decision section 1 07 are sent 
to scramble code assignment control section 1 1 4, where 
scramble codes are assigned to the respective groups 
according to the decision results. Then, scramble code 
assignment control signals are output to switches 121 
and 122. 

[0018] Transmission data 1 and 2 are subjected to 
digital modulation processing at modulation sections 
115 and 116, respectively. These modulated transmis- 
sion data are subjected to spreading/modulation 
processing with different spreading codes (Spr) #1 and 
#2 by multipliers 117 and 118, respectively. Further- 
more, the transmission data multiplied by the spreading 
codes are subjected to modulation processing by mul- 
tipliers 119 and 120 using scramble codes #1 and #2 
assigned as described above. 



[0019] These transmission data subjected to spread- 
ing/modulation processing are input to transmission 
AAA circuits 123a and 123b, respectively. Transmission 
AAA circuits 123a and 123b apply transmission 

5 processing to the transmission data using the transmis- 
sion weights obtained by transmission weight calcula- 
tion sections 126a and 126b using the respective direc- 
tion of arrival estimation results. 
[0020] The transmission data subjected to respective 

10 transmission AAA processing are multiplexed by multi- 
plexers 124 and 125 for the respective antennas and 
sent to radio transmission section 127. Radio transmis- 
sion section 127 carries out radio transmission process- 
ing such as D/A conversion and up-conversion on the 

15 transmission data. The transmission signals subjected 
to radio transmission processing are passed through 
duplexers 103 and 104 and sent via antennas 101 and 
102 as downlink signals. 

[0021] Then, the method of assigning scramble codes 
20 by the radio base station apparatus in the above config- 
uration will be explained. 

[0022] The signals sent from the respective commu- 
nication terminals are subjected to predetermined radio 
reception procession at radio reception section 1 05 and 

25 then subjected to direction of arrival estimation process- 
ing at direction of arrival estimation sections 106a and 
106b, respectively. There are various direction of arrival 
estimation methods such as a beam former method us- 
ing FFT (Fast Fourier Transform), linear prediction 

30 method and minimum norm method, but the present in- 
vention is not limited to a particular method. 
[0023] After direction of arrival estimation sections 
106a and 106b have performed direction of arrival esti- 
mation on the respective communication terminals, the 

35 estimation results are sent to grouping decision section 
107. Grouping decision section 107 divides communi- 
cation terminals that belong to the sector into at least 
two groups based on the direction of arrival estimation 
result. 

40 [0024] An example of grouping method is that direc- 
tions of arrival of respective communication terminals 
are divided into predetermined angle range groups and 
grouping is performed by deciding which communica- 
tion terminal belongs to which angle range. The prede- 

45 termined angle ranges for grouping are set, for example, 
relative to the antenna direction of the present radio 
base station apparatus. For example, when the commu- 
nication terminals that belong to the sector are divided 
into three groups according to the directions of arrival, 

so three angle ranges are set beforehand as shown in FIG. 
3 and groups 201 to 203 are formed according to which 
communication terminal belongs to which angle range. 
[0025] The decision results of grouping decision sec- 
tion 107, that is, the information on which communica- 

55 tion terminal belongs to which angle range (group) are 
sent to scramble code assignment control section 114. 
Scramble code assignment control section 114 per- 
forms assignment control in such a way that a same 
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scramble code Is assigned to channels with similar (not 
necessarily completely the same) directivities. 
[0026] In this case, as described above, groups are 
set in such a way as to include channels with similar 
directivities based on the direction of arrival estimations. 
Therefore, by assigning a scramble code to each group, 
it is possible to assign a same scramble code to com- 
munication terminals (channels) with similar (not neces- 
sarily completely the same) directivities. 
[0027] These assignment control signals are sent to 
switches 121 and 122, where the scramble codes are 
switched. Then, the scramble codes.assigned to the re- 
spective groups are used for the downlink signals of 
communication terminals that belong to the respective 
groups. 

[0028] For example, when grouping decision section 
1 07 decides based on the directions of arrival that com- 
munication terminals A to G belong to group 1 and com- 
munication terminals H to K belong to group 2 : scramble 
code #1 is assigned to group 1 and scramble code #2 
is assigned to group 2. In this case, scramble code #1 
is used for all the downlink signals corresponding to 
communication terminals A to G and scramble code #2 
is used for all the downlink signals corresponding to 
communication terminals H to K. 
[0029] On the other hand, the direction of arrival esti- 
mation results are sent to reception AAA circuits 109a 
and 1 09b, where reception weights are calculated using 
the direction of arrival estimation results and reception 
directivities are formed according to these reception 
weights. Then, reception AAA circuits 109a and 109b 
perform reception AAA processing on the reception sig- 
nals with these reception directivities. 
[0030] Furthermore, the direction of arrival estimation 
results estimated at direction of arrival estimation sec- 
tions 1 06a and 1 06b are sent to transmission weight cal- 
culation sections 126a and 126b, where transmission 
weights specific to the respective communication termi- 
nals-are calculated. Transmission directivities are 
formed according to these transmission weights. Then, 
transmission AAA circuits 123a and 1 23b perform trans- 
mission AAA processing with these transmission direc- 
tivities specific to the respective communication termi- 
nals. The transmission signals of the respective com- 
munication terminals subjected to transmission AAA 
processing are multiplexed by adders 124 and 125 for 
the respective antennas, subjected to processing such 
as D/A conversion and up-conversion at radio transmis- 
sion section 127 and then sent with directivities from an- 
tennas 101 and 102. 

[0031] As shown above, in a system that applies 
transmission with controlled directivities on the downlink 
(adaptive array antenna), the radio base station appa- 
ratus according to this embodiment groups communica- 
tion terminals having similar directivities based on the 
directions of arrival of the communication terminals and 
assigns a same scramble code to all communication ter- 
minals that belong to the group. This makes it possible 



to improve orthogonality among codes of downlink sig- 
nals corresponding to the communication terminals that 
belong to the same group. This reduces cross-correla- 
tion interference from other channels during reception 
5 from the respective communication terminals. 

[0032] When downlink signals are transmitted with di- 
rectivities, this embodiment can also perform directivity 
control over the respective communication terminals in- 
dividually or group the communication terminals and 
to perform same directivity control over communication 
terminals that belong to a same group. In this case, as 
shown in FIG.2, group information decided by grouping 
decision section 107 based on the direction of arrival 
estimation results from direction of arrival estimation 
is sections 1 06a and 1 06b is output to transmission weight 
calculation sections 126a and 126b and transmission 
weight calculation sections 126a and 126b perform di- 
rectivity control according to the group information for 
each group. Carrying out transmission directivity control 
20 on a group-by-group basis in this way can simplify 
processing for directivity control. 
[0033] On the other hand, in the configuration of the 
reception section, matched filters 110 and 111 can also 
be provided before direction of arrival estimation sec- 
25 tions 1 06a and 1 06b or reception AAA circuits 1 09a and 
109b. That is, direction of arrival estimations or AAA 
processing can also be carried out on the signals after 
despreading processing. Moreover, direction of arrival 
estimations or AAA processing can also be carried out 
30 independently of each other and with different algo- 
rithms. In the present invention, reception AAA process- 
ing is not regarded as essential. 



35 



(Embodiment 2) 



[0034] This embodiment describes a case where 
downlink signals are individually subjected to directivity 
control and when a group weight is applied to uplink sig- 
nals, communication terminals with almost a same di- 
40 rectivity are grouped using the group weight and a 
scramble code is assigned to each group. 
[0035] FIG.4 is a block diagram showing a configura- 
tion of a radio base station apparatus according to Em- 
bodiment 2 of the present invention. By the way, in FIG. 
45 4, the same parts as those in FIG.2 are assigned the 
same reference numerals as those in FIG.2. 
[0036] Uplink signals received via antennas 101 and 
1 02 are passed through duplexers 1 03 and 1 04 and in- 
put to radio reception section 1 05. Radio reception sec- 
50 tion 105 applies radio reception processing such as 
down-conversion and A/D conversion to the reception 
signals to obtain baseband signals. These baseband 
signals are sent to direction of arrival estimation sec- 
tions 1 06a and 1 06b, respectively and at the same time 
55 sent to reception adaptive array antenna (reception 
AAA) circuits 109a and 109b, respectively. 
[0037] Direction of arrival estimation sections 106a 
and 1 06b estimate the directions of arrival of the recep- 
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tion signals of the respective channels (users). These 
direction of arrival estimation results are sent not only 
to grouping decision section 107 but also to transmis- 
sion weight calculation sections 126a and 126b. Trans- 
mission weight calculation sections 1 26a and 126b cal- 
culate transmission weights based on the direction of 
arrival estimation results. These transmission weights 
are sent to transmission AAA circuits 123a and 123b for 
the respective channels (users). 
[0038] Grouping decision section 1 07 decides groups 
that include terminals based on the direction of arrival 
estimation results. These decision results are sent to re- 
ception group weight calculation section 1 08 and at the 
same time sent to scramble code assignment control 
section 114. 

[0039] Reception group weight calculation section 
108 calculates a reception group weight for each group 
decided and sends these reception group weights to re- 
ception AAA circuits 109a and 109b for the respective 
groups. Reception AAA circuits 109a and 109b apply 
reception AAA processing to the reception signals and 
output the signals subjected to the reception AAA 
processingtomatchedfilters 110and 111 forthe respec- 
tive reception directivities. 

[0040] Matched filters 110 and 111 carry out de- 
spreading processing on the reception signals using a 
scramble code (Scr) and spreading code (Spr). The de- 
spread signals are sent to demodulation sections 112 
and 113, respectively, where the despread signals are 
subjected to demodulation processing and reception 
data 1 and 2 are obtained. 

[0041] On the other hand, the decision results (group- 
ing results) from grouping decision section 1 07 are sent 
to scramble code assignment control section 1 1 A, where 
scramble codes are assigned to the respective groups 
according to the decision results. Then, scramble code 
assignment control signals are output to switches 121 
and 122. 

[0042] Transmission data 1 and 2 are subjected to 
digital modulation processing at modulation sections 
115 and 116, respectively. These modulated transmis- 
sion data are subjected to spreading/modulation 
processing with different spreading codes (Spr) #1 and 
#2 by multipliers 117 and 118, respectively. Further- 
more, the transmission data items multiplied by the 
spreading codes are subjected to modulation process- 
ing at multipliers 119 and 120 using scramble codes #1 
and #2 assigned as described above. 
[0043] These transmission data items subjected to 
spreading/modulation processing are input to transmis- 
sion AAA circuits 123a and 123b, respectively. Trans- 
mission AAA circuits 1 23a and 1 23b apply transmission 
AAA processing to the transmission data using the 
transmission weights obtained by transmission weight 
calculation sections 1 26a and 1 26b using the respective 
direction of arrival estimation results. 
[0044] The transmission data items subjects to re- 
spective transmission AAA processing are multiplexed 



forthe respective antennas by multiplexers 124 and 125 
and sent to radio transmission section 1 27. Radio trans- 
mission section 127 carries out radio transmission 
processing such as D/A conversion and up-conversion 

5 on the transmission data. The transmission signals sub- 
jected to radio transmission processing are passed 
through duplexers 103 and 104 and sent via antennas 
101 and 102 as downlink signals. 
[0045] Then, the method of assigning scramble codes 

10 by the rad-io base station apparatus in the above con- 
figuration will be explained. 

[0046] The signals sent from-the respective commu- 
nication terminals are subjected to predetermined radio 
reception procession at radio reception section 1 05 and 
15 then subjected to direction of arrival estimation process- 
ing at direction of arrival estimation sections 106a and 
106b, respectively. There are various direction of arrival 
estimation methods such as a beam former method us- 
ing FFT (Fast Fourier Transform), linear prediction 
20 method and minimum norm method, but the present in- 
vention is not limited to a particular method. 
[0047] Once direction of arrival estimation sections 
106a and 106b have performed direction of arrival esti- 
mation on the respective communication terminals, the 
25 estimation results are sent to grouping decision section 
107. Grouping decision section 107 divides communi- 
cation terminals that belong to the sector into at least 
two groups based on the direction of arrival estimation 
results. The grouping method is the same as that in Em- 
30 bodiment 1 . By the way, grouping decision section 107' 
can be used commonly for the calculation of reception 
group weight of the uplink signals and the assignment 
of scramble codes of the downlink signals. 
[0048] The decision result of grouping decision sec- 
35 tion 107, that is, the information on which communica- 
tion terminal belongs to which angle range (group) is 
sent to scramble code assignment control section 114. 
Scramble code assignment control section 114 per- 
forms assignment control in such a way that a same 
40 scramble code is assigned to channels with similar (not 
necessarily completely the same) directivities. 
[0049] The grouping decision result may be directly 
used for the assignment of scramble codes or may be 
used for assignment of scramble codes in such a way 
45 that communication terminals are re-grouped taking into 
account the number of spreading codes (code resource) 
used for the downlink signals based on the grouping de- 
cision result. 

[0050] As described above, groups are set so as to 
so include channels with similar directivities based on di- 
rection of arrival estimations. Therefore, by assigning a 
scramble code to each group, it is possible to assign a 
same scramble code to communication terminals (chan- 
nels) with similar (not necessarily completely the same) 
55 directivities. 

[0051] These assignment control signals are sent to 
switches 121 and 122, where the scramble codes are 
switched. Then, the scramble codes assigned to the re- 
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spective groups are used for the downlink signals of 
communication terminals that belong to the respective 
groups. 

[00521 On the other hand. Information from grouping 
decision section 107 (e.g., angle range information) is 
sent to group weight calculation section 108, where 
group-specific reception weights are calculated. Recep- 
tion directivities are formed according to these reception 
weights. Then, reception AAA circuits 109a and 109b 
perform reception AAA processing with these group- 
specific reception directivities. 

[0053] On the other hand, the direction of arrival esti- 
mation results of direction of arrival estimation circuits 
109a and 109b are sent to transmission weight calcula- 
tion sections 126a and 126b, where transmission 
weights forthe respective communication terminals are 
calculated. Transmission directivities are formed ac- 
cording to these transmission weights. Then, transmis- 
sion AAA circuits 123a and 123b perform transmission 
AAA processing with these transmission directivities for 
the respective communication terminals. 
[0054] By the way, it is possible to perform adaptive 
signal processing at reception group weight calculation 
section 108 using an algorithm such as LMS (Least 
Means Square) or RLS (Recursive Least Squares). 
[0055] As shown above, when group weights are 
used forthe uplink signals in a system that uses trans- 
mission with directivities controlled on the downlink 
(adaptive array antenna), the radio base station appa- 
ratus according to this embodiment groups communica- 
tion terminals having similar directivities based on the 
directions of arrival from the communication terminals 
and assigns a same scramble code to all the communi- 
cation terminals that belong to the group. This improves 
orthogonality among codes of downlink signals corre- 
sponding to the communication terminals that belong to 
the group. This allows cross-correlation interference 
from other channels during reception of the respective 
communication terminals to be reduced. Moreover, it is 
also possible to use grouping decision results to calcu- 
late group weights of uplink signals, which can simplify 
processing of assigning scramble codes. As a result, it 
is possible to reduce processing load on the radio base 
station apparatus. 

[0056] When the number of spreading codes (code 
resource) used for downlink signals is not enough, the 
explanations above relate to the use of the group deci- 
sion result obtained by the calculation of group weights 
for the uplink signals. This control is performed taking 
into account the number of spreading codes (code re- 
source) used for downlink signals as appropriate. That 
is, when the number of spreading codes is not enough, 
scrambling codes are assigned using the group decision 
result obtained in the calculation of group weights for 
the uplink signals as shown above and when the number 
of spreading codes is enough, grouping decision section 
107 performs re-grouping processing and assigns 
scrambling codes according to the decision result. That 



is, when the number of spreading codes used for the 
downlink signals is enough, grouping decision section * 
107 performs processing of assigning a same scramble 
code to a plurality of groups or carrying out grouping 
5 using the number of terminals (number of channels) 
within a range that no shortage of spreading codes is 
produced as a maximum value. 
[0057] In this case, as shown in FIG. 4, grouping de- 
cision section 107 selects whether the grouping deci- 
io sion result for the reception group weight should be di- 
rectly used for scramble code assignment control or the 
grouping decision result should not be used or grouping 
processing should be done over, according to the code 
resource information. 
'5 [0058] For example, this can be explained based on 
the code resource information using FIG.3. In the case 
where there is no shortage of code resource according 
to the code resource information, grouping decision sec- 
lion 1 07 sends a control signal indicating that no group- 
ie ing decision result will be used to scramble code assign- 
ment control section 1 1 4 and scramble code assignment 
control section 1 1 4 assigns a same scramble code to all 
groups 201 to 203. Or in the case where there is no 
shortage of code resources, grouping decision section 
25 107 does over grouping processing and performs 
grouping into group 202, 203 and group 201. Then, 
grouping decision section 1 07 sends the re-grouping 
decision result to scramble code assignment control 
section 114, where a same scramble code #0 is as- 
^0 signed to the communication terminals that belong to 
groups 202 and 203 and a different scramble code #1 
is assigned to the communication terminal that belongs 
to group 201 . On the other hand, in the case where there 
is a shortage of code resources according to the code 
35 resource information, a same scramble code is as- 
signed to each group using the grouping decision result 
for the reception group weights as described above. 
[0059] In the respect of reception AAA regarding up- 
link signals, group 202 and group 203 have quite differ- 
40 ent directivities, and therefore it is better from the stand- 
point of the reception characteristic to distinguish and 
receive those signals as signals that belong to different 
groups. This respect is independent of the number of 
terminals in each group. On the other hand, for downlink 
45 signals : it depends on the number of terminals whether 
a same scramble code should be assigned to these 
group 202 and group 203. Therefore, if there is no short- 
age of spreading codes, assigning a same scramble 
code to group 202 and group 203 will improve orthogo- 
50 nality and will be advantageous from the standpoint of 
reducing cross-correlation interference. 
[0060] Therefore, when group weights are used for 
uplink signals in a system that uses transmission with 
controlled directivities on the downlink, it is possible to 
55 improve the reception characteristic by carrying out 
grouping decision and changing scramble code assign- 
ment control based on the code resource information, 
and reduce cross-correlation interference from other 



6 



BNSDOCID: <EP 1 1 52628A1_L> 



11 



EP1 152 628 A1 



12 



7 



channels during reception from the respective commu- 
/ nication terminals as well. 

[0061 ] When downlink signals are transmitted with di- 
rectivity, this embodiment can perform directivity control 
to the respective communication terminals individually 
as described above or can divide the respective com- 
munication, terminals into groups and perform control 
with a same directivity on communication terminals that 
belong to a same group. 

[0062] In this case, as shown in FIG. 4, grouping de- 
cision section 107 decides group information based on 
the direction of arrival estimation results from direction 
of arrival estimation sections 106a and 106b and out- 
puts the decided group information to transmission 
weight calculation sections 126a and 126b and trans- 
mission weight calculation sections 126a and 126b per- 
form directivity control for each group according to the 
group information. On the other hand, the reception 
group weights obtained from the group information de- 
cided by grouping decision section 1 07 are output to 
transmission weight calcu lation sections 1 26a and 1 26b 
and transmission weight calculation sections 126a and 
126b perform directivity control for each group accord- 
ing to the group information. 

[0063] As shown above, by carrying out transmission 
directivity control for each group, it is possible to simplify 
directivity control processing. 

(Embodiment 3) 

[0064] As shown in FIG.5, this embodiment describes 
a case where scramble codes are changed within a 
same sector when communication terminal 401 moves 
across different groups. 

[0065] FIG. 6 is a block diagram showing a configura- 
tion of a radio base station apparatus according to Em- 
bodiment 3 of the present invention. In FIG. 6, the same 
parts as those in FIG .2 are assigned the same reference 
numerals as those in FIG.2 and detailed explanations 
thereof will be omitted. 

[0066] The radio base station apparatus includes 
group changeover decision section 501 that decides 
whether or not to change a group when a change takes 
place in set grouping as a communication terminal 
moves and changeover timing control section 502 that 
controls the changeover timing. 

[0067] In the radio base station apparatus configured 
as shown above, a case where the communication ter- 
minal moves and a group changeover is made will be 
explained. First, the directions of arrival of reception sig- 
nals of the respective communication terminals are es- 
timated. The method of estimating the directions of ar- 
rival is the same as that in Embodiment 1 . 
[0068] Next, grouping decision section 107 is moni- 
toring the directions of arrival and when a group change- 
over takes place with a communication terminal, group- 
ing decision section 107 sends a signal indicating that 
the group will be changed to group changeover decision 



section 501 . Upon reception of the signal that the group 
will be changed, group changeover decision section 501 
sends a control signal to an upper layer to negotiate with 
the communication terminal whose group is changed. 

5 [0069] Then, the information that the scramble code 
will be changed is notified to the communication terminal 
whose group is to be changed through the upper layer. 
The upper layer then sends a changeover control signal 
indicating that a changeover between scramble codes 

10 is allowed to changeover timing control section 502. Up- 
on reception of the changeover control signal, change- 
over timing control section 502 sends a control signal to 
grouping decision section 107 to instruct the changeo- 
ver timing. Grouping decision section 107 updates the 

15 group to which the communication terminal above be- 
longs based on the changeover timing above. That is, 
grouping decision section 107 updates the group to 
which communication terminal 401 belongs from group 
203 to group 202. 

20 [0070] The information updated by grouping decision 
section 107, that is, the group information indicating 
which communication terminal belongs to which angle 
range (group) is sent to scramble code assignment con- 
trol section 114. Scramble code assignment control sec- 

25 tton 1 1 4 performs assignment control in such a way that 
a same scramble code is assigned to channels with al- 
most identical directivities in the same way as in Em- 
bodiment 1 . 

[0071] By the way, the operation of calculating trans- 
30 mission weights from the direction of arrival estimation 
results and performing transmission AAA processing on 
transmission data with the transmission weights and the 
operation of calculating reception group weights based 
on the grouping decision results and performing recep- 
35 tion AAA processing on reception signals using the re- 
ception group weights are the same as those in Embod- 
iment 1 . 

[0072] As shown above, this embodiment can assign 
a same scramble code to channels with almost identical 

40 directivities also when the communication terminal 
moves and a change takes place to the group and there- 
by improve orthogonality among codes of downlink sig- 
nals for communication terminals with almost identical 
directivities. This makes it possible to reduce cross-cor- 

45 relation interference from other channels during recep- 
tion from each communication terminal. 

(Embodiment 4) 

50 [0073] This embodiment describes a case where as- 
signment of scramble codes according to the present 
invention is performed when signals are transmitted by 
combining channels carrying out transmission with no 
directivity and channels carrying out transmission with 

55 directivity. 

[0074] FIG. 7 is a block diagram showing a configu- 
ration of a radio base station apparatus according to 
Embodiment 4 of the present invention. By the way, FIG. 
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7 only describes the transmitting side. The receiving 
side of this radio base station apparatus has the same 
configuration as those shown in FIG.2, FIG.4 and FIG. 6. 
[0075] Transmission data 1 and 2, which are commu- 
nication channels of voice signals and packet signals 5 
are subjected to digital modulation processing at mod- 
ulation sections 601 and 602. These transmission data 
subjected to modulation processing are subjected to 
spreading modulation processing using different 
spreading codes (Spr) #1 and #2 at multipliers 603 and 10 
604, respectively. These transmission data multiplied by 
the respective codes are subjected to modulation 
processing at multipliers 605 and 606 using scramble 
codes assigned by scramble code assignment control 
section 612. 15 
[0076] The transmission data subjected to modulation 
processing in this way are input to transmission AAA cir- 
cuits 607a and 607b, respectively. Transmission AAA 
circuits 607a and 607b perform transmission AAA 
processing on the transmission data with the transmis- 20 
sion weights obtained using the direction of arrival esti- 
mation results, etc. 

[0077] The transmission data subjected to transmis- 
sion AAA processing are multiplexed by multiplexers 
608 and 609 for the respective antennas and sent to ra- 25 
dio transmission section 610. Radio transmission sec- 
tion 61 0 carries out radio transmission processing such 
as D/A conversion and up-conversion on the transmis- 
sion data. The transmission signals subjected to radio 
transmission processing are transmitted as downlink so 
signals via antennas 611a and 61 1 b f which make up an 
adaptive array antenna. 

[0078] On the other hand, the control data, which is a 
common control channel signal that carries out trans- 
mission with no directivity is subjected to digital modu- 35 
lation processing by modulation section 613. This trans- 
mission data subjected to modulation processing is sub- 
jected to spreading/modulation processing with spread- 
ing code (Spr) #0 by multiplier 614. Furthermore, the 
transmission data multiplied by the spreading code is *o 
subjected to modulation processing using scramble 
code #0 by multiplier 615. 

[0079] The transmission data subjected to spreading/ 
modulation processing in this way is sent to radio trans- 
mission section 616. Radio transmission section 616 45 
carries out radio transmission processing such as D/A 
conversion and up-conversion on the transmission data. 
The transmission signal subjected to radio transmission 
processing is transmitted as a downlink signal via an- 
tenna 617 making up an adaptive array antenna. so 
[0080] The scramble code assignment control at the 
radio base station apparatus in the above configuration 
will be explained. 

[0081] First, the directions of arrival of reception sig- 
nals of the respective communication terminals are es- 55 
timated. The method of estimating directions of arrival 
is the same as that in Embodiment 1 . Then, communi- 
cation terminals within a same sector are grouped 



based on the directions of arrival of the respective com- 
munication terminals. This grouping information, that is, 
the group information indicating which communication 
terminal belongs to which angle range (group) is sent to 
scramble code assignment control section 612. Scram- 
ble code assignment control section 612 performs as- 
signment control in such a way that a same scramble 
code is assigned to channels with almost identical di- 
rectivities in the same way as in Embodiment 1 . In this 
case, assignment control is performed taking into ac- 
count orthogonality with the common control channel 
signal transmitted with no directivity. 
[0082] More specifically, when transmission with no 
directivity is combined with transmission with directivity, 
directivities are formed as shown in FIG. 7. Here, if 
scramble codes are changed between a channel for 
transmission with no directivity (e.g., a common control 
channel) and a channel for transmission with directivity 
(e.g., a communication channel), it is impossible to guar- 
antee orthogonality between the channel for transmis- 
sion with no directivity and channel for transmission with 
directivity and cross -correlation interference occurs 
from each other's channel, thus deteriorating the recep- 
tion characteristic. 

[0083] Thus, scramble code assignment control sec- 
tion 612 performs control in such a way that a scramble 
code set for a channel carrying out transmission with no 
directivity is selected and assigned to at least one (here 
one) group that carries out transmission with directivity. 
For example, scramble code assignment control section 
612 actually performs control in such a way that a 
scramble code set for a channel carrying out transmis- 
sion with no directivity is selected and assigned to a 
group with the largest number of channels (number of 
users), that is, group to which the most communication 
terminals belong. More specifically, as shown in FIG. 8, 
when scramble code #0 is set in the channel for trans- 
mission with no directivity in sector 701 , scramble code 
#0 is assigned to group 704 to which the most commu- 
nication terminals belong. Other scramble codes #1 and 
#2 are assigned to other groups 702 and 703, respec- 
tively. 

[0084] By assigning scramble codes #0 to #2 in this 
way, it is possible to reduce cross-correlation interfer- 
ence from other channels for as many communication 
terminals as possible. In this case, it is desirable that 
there be conditions that will not cause a shortage of 
codes. 

[0085] Or when transmission with no directivity is 
combined with transmission with directivity, it is also 
possible to give up orthogonality between the channel 
for transmission with no directivity and the channel for 
transmission with directivity and assign a scramble code 
different from the scramble code used for the channel 
for transmission with no directivity to the channel for 
transmission with directivity for each group in the same 
way as in Embodiment 1 . 

[0086] Furthermore, when transmission with no direc- 
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tivity is combined with transmission with directivity, the 
antenna for transmission with no directivity is separated 
from the antenna for transmission with directivity, but 
these need not always be separated and it is also pos- 
sible to carry out transmission with no directivity using 
the antenna for transmission with directivity. 
[0087] By the way, the operation of calculating trans- 
mission weights from the direction of arrival estimation 
results and performing transmission AAA processing on 
transmission data with the transmission weights and the 
operation of calculating reception group weights based 
on the grouping decision results and performing recep- 
tion AAA processing on reception signals with the re- 
ception group weights are the same as those in Embod- 
iment 1 . 

[0088] Embodiments 1 to 4 above can be implement- 
ed by combining with one another as appropriate. The 
present invention is not limited to Embodiments 1 to 4 
above, but can be implemented with various modifica- 
tions. For example, Embodiments 1 to 4 above describe 
the case where there are two or three antennas and two 
scramble codes, but the present invention is also appli- 
cable to cases where there are 3 or more scramble 
codes and 4 or more antennas. 

[0089] Embodiments 1 to 4 above describe the case 
where reception signals are subjected to reception AAA 
processing and then despreading processing, but the 
present invention is also applicable to a case where re- 
ception AAA processing is carried out on signals sub- 
jected to despread processing. 

[0090] The radio base station apparatus of the 
present invention comprises a direction of arrival esti- 
mation section that estimates directions of arrival of re- 
ception signals from communication terminals, a divi- 
sion section that divides the respective communication 
terminals into groups based on the directions of arrival, 
a scramble code assignment control section that as- 
signs scramble codes differing from one group to anoth- 
er and a transmission section that performs transmis- 
sion with directivity of transmission signals modulated 
using the assigned scramble codes to the respective 
communication terminals. 

[0091 ] In a system that applies transmission with con- 
trolled directivity on the downlink (adaptive array anten- 
na), this configuration divides the communication termi- 
nals having similar directivities into groups based on the 
directions of arrival of the communication terminals and 
assigns a same scramble code to all communication ter- 
minals that belong to the group, and can thereby im- 
prove orthogonality among codes of downlink signals 
with respect to the communication terminals that belong 
to a same group. This makes it possible to reduce cross- 
correlation interference from other channels during re- 
ception from the respective communication terminals. 
[0092] The radio base station apparatus of the 
present invention in the above configuration adopts a 
configuration with the dividing means dividing the com- 
munication terminals into groups based on the direc- 



tions of arrival in transmission to the communication ter- 
minals. 

[0093] According to this configuration, it is possible to 
group a plurality of channels (users) of the uplink signals 

5 and unify the grouping to determine a group weight to 
carry out reception with directivity using a common 
weight within a same group (hereinafter referred to as 
"group weight") and the grouping for scramble code as- 
signment, which simplifies processing to assign scram- 

10 ble codes when transmission with group directivity is 
performed on the uplink. 

[0094] The radio base station apparatus of the 
present invention configured as shown above adopts a 
configuration with the division section carrying out re- 
15 dividing processing based on code resource informa- 
tion. 

[0095] By changing grouping decision and scramble 
code assignment control based on the code resource 
information when group weights are used for uplink sig- 
20 nals, this configuration can improve the reception char- 
acteristic and reduce cross-correlation interference 
from other channels during reception from each com- 
munication terminal as well. 

[0096] The radio base station apparatus of the 

^5 present invention configured as shown above adopts a 
configuration comprising a notification section that noti- 
fies, when a communication terminal changes the group 
as it moves, the communication terminal that the scram- 
ble code will be changed, a changeover timing control 

30 section that controls timing to change the scramble 
code, wherein the scramble code assignment control 
section assigns scramble codes after the changeover to 
the communication terminal whose group has been 
changed due to the movement. 

35 [0097] This configuration makes it possible to accu- 
rately assign a same scramble code to channels with 
almost identical directivities even if the communication 
terminal moves and changes the group, and improve or- 
thogonality among codes of downlink signals with re- 

40 spect to the communication terminals with almost iden- 
tical directivities. This can reduce cross-correlation in- 
terference from other channels during reception from 
the respective communication terminals. 
[0098] The radio base station apparatus of the 

^5 present invention configured as shown above adopts a 
configuration with the scramble code assignment con- 
trol section carrying out assignment control in such a 
way that a scramble code set in at least one of channels 
carrying out transmission with directivity matches the 

so scramble code set in channels carrying out transmission 
with no directivity. 

[0099] The radio base station apparatus of the 
present invention configured as shown above adopts a 
configuration with the scramble code assignment con- 
55 trol section assigning the same scramble code as the 
scramble code set in channels carrying outtransmission 
with no directivity to a group to which the most commu- 
nication terminals belong. 
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[0100] This configuration can reduce cross-correla- 
tion interference from other channels for as many com- 
munication terminals as possible. 
[0101] The communication terminal apparatus of the 
present invention is characterized by carrying out radio 
communication with the radio base station apparatus in 
the above configuration. This guarantees orthogonality 
of a plurality of scramble downlink signals even if a plu- 
rality of scramble codes is used within a same sector, 
preventing the reception characteristic from deteriorat- 
ing. 

[0102] The radio communication method of the 
present invention comprises a direction of arrival esti- 
mating step of estimating directions of arrival of recep- 
tion signals from communication terminals, a dividing 
step of dividing the communication terminals into groups 
based on the directions of arrival, a scramble code as- 
signment controlling step of assigning scramble codes 
differing from one group to another and a transmitting 
step of transmitting transmission signals modulated us- 
ing the assigned scramble codes to the communication 
terminals with directivity. 

[0103] In a system that applies transmission with con- 
trolled directivity on the downlink (adaptive array anten- 
na), this method divides the communication terminals 
having similar directivities into groups based on the di- 
rections of arrival of the communication terminals and 
assigns a same scramble code to all communication ter- 
minals that belong to the group, and can thereby im- 
prove orthogonality among codes of downlink signals 
with respect to the communication terminals that belong 
to a same group. This makes it possible to reduce cross- 
correlation interference from other channels during re- 
ception from the respective communication terminals. 
[0104] The radio communication method above of the 
present invention comprises a notification step of noti- 
fying, when a communication terminal changes the 
group as it moves, the communication terminal that the 
scramble code will be changed, a changeover timing 
controlling step of controlling timing to change the 
scramble code, wherein the scramble code assignment 
controlling step assigns scramble codes after the 
changeover to the communication terminal whose 
group has been changed due to the movement. 
[0105] This method makes It possible to accurately 
assign a same scramble code to channels with almost 
identical directivities even if the communication terminal 
moves and changes the group and improve orthogonal- 
ity among codes of downlink signals with respect to the 
communication terminals with almost identical directiv- 
ities. This can reduce cross-correlation interference 
from other channels during reception of the respective 
communication terminals. 

[0106] The scramble code assignment controlling 
step of the radio communication method above of the 
present invention assigns the same scramble code as 
the scramble code set in channels carrying out trans- 
mission with no directivity to a group to which the most 



communication terminals belong. 
[0107] This method can reduce cross -correlation in- 
terference from other channels for as many communi- 
cation terminals as possible. 

5 [01 08] As described above, the radio base station ap- 
paratus and radio communication method of the present 
invention assigns a same scramble code to channels 
with similar (not necessarily completely the same) direc- 
tivities in a system that applies transmission with con- 

10 trolled directivity on the downlink (adaptive array anten- 
na), which makes it possible to improve orthogonality 
among a plurality of channel codes in a same direction 
and reduce cross-correlation interference from other 
channels during reception from communication termi- 

15 nals. 

[01 09] This application is based on the Japanese Pat- 
ent Application No.HEl 1 1 -349465 filed on December 8, 
1999, entire content of which is expressly Incorporated 
by reference herein. 

20 

Industrial Applicability 

[0110] The present invention is applicable to a radio 
base station apparatus and radio communication meth- 
od in a digital radio communication system. 

Claims 

1. A radio base station apparatus comprising: 

direction of arrival estimating means for esti- 
mating directions of arrival of reception signals 
from communication terminals; 
dividing means for dividing said communication 
terminals into groups based on said directions 
of arrival; 

scramble code assignment controlling means 
for assigning scramble codes differing from one 
said group to another; and 
transmitting means for performing transmission 
with directivity of transmission signals modulat- 
ed using the assigned scramble codes to said 
communication terminals . 

2. The radio base station apparatus according to claim 

1 , wherein the dividing means divides said commu- 
nication terminals into transmission groups based 
on said directions of arrival in transmission to the 
communication terminals. 

3. The radio base station apparatus according to claim 

2, wherein the dividing means carries out re-divid- 
ing processing based on code resource informa- 
tion. 

4. The radio base station apparatus according to claim 
1 , wherein the transmitting means performs direc- 
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tivity control individually on the communication ter- 
minals. 

5. The radio base station apparatus according to claim 
1, wherein the transmitting means performs same 
directivity control on the communication terminals 
that belong to each group. 



12. The radio base station apparatus according to claim 
1 , wherein the scramble code assignment control- 
ling means performs assignment control in such a 
way that the scramble code set in the channel car- 
rying out transmission with directivity is different 
from the scramble code set in the channel carrying 
out transmission with no directivity. 



13. The radio base station apparatus according to claim 
10 12, comprising an antenna for channels with no di- 
rectivity and another antenna for channels with di- 
rectivity. 

14. The radio base station apparatus according to claim 
15 1 2, comprising the same antenna for channels with 

no directivity as the antenna for channels with di- 
rectivity. 



6. The radio base station apparatus according to claim 
1 , wherein the direction of arrival estimating means 
carries out reception with directivity to reception sig- 
nals based on the directions of arrival estimated by 
the direction of arrival estimating means. 

7. The radio base station apparatus according to claim 
1, wherein the scramble code assignment control- 
ling means changes scramble code assignment 
control based on code resource information. 

8. The radio base station apparatus according to claim 
7, wherein the scramble code assignment control- 
ling means performs control by assigning scramble 
codes using groups classified by the dividing means 
when there is a shortage of spreading codes, and 
assigns a same scramble code to a plurality of 
groups when there is no shortage of spreading 
codes. 

9. The radio base station apparatus according to claim 
1, comprising: 

notifying means for notifying, when a commu- 
nication terminal changes the group as a result 
of movement, said communication terminal that 
the scramble code will be changed; and 
changeover timing controlling means for con- 
trolling timing to change said scramble code, 
wherein said scramble code assignment con- 
trolling means assigns scramble codes after 
thechangeoverto said communication terminal 
whose group has been changed due to said 
movement. 

10. The radio base station apparatus according to claim 
1 , wherein the scramble code assignment control- 
ling means performs assignment control In such a 
way that a scramble code set in at least one of the 
channels carrying out transmission with directivity 
matches the scramble code set in the channel car- 
rying out transmission with no directivity. 

11. The radio base station apparatus according to claim 
10, wherein the scramble code assignment control- 
ling means assigns the same scramble code as the 
scramble code set in the channel carrying out trans- 
mission with no directivity to a group to which the 
most communication terminals belong. 



15. A communication terminal apparatus that carries 
20 out radio communication with a radio base station 

apparatus, said radio base station apparatus com- 
prising: 

direction of arrival estimating means for esti- 
25 mating directions of arrival of reception signals 

from communication terminals; 
dividing means for dividing said communication 
terminals into groups based on said directions 
of arrival; 

30 scramble code assignment controlling means 

for assigning scramble codes differing from one 
said group to another; and 
transmitting means for performing transmission 
with directivity of transmission signals modulat- 
35 ed using the assigned scramble codes to said 

communication terminals. 

16. A radio communication method comprising: 

40 a direction of arrival estimating step of estimat- 

ing directions of arrival of reception signals 
from communication terminals; 
a dividing step of dividing said communication 
terminals into groups based on said directions 
45 of arrival; 

a scramble code assignment controlling step of 
assigning scramble codes differing from one 
said group to another; and 
a transmitting step of performing transmission 
so with directivity of transmission signals modulat- 

ed using the assigned scramble codes to said 
communication terminals. 

17. The radio communication method according to 
55 claim 16, comprising: 

a notifying step of notifying, when a communi- 
cation terminal changes the group as a result 
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of movement, said communication terminal that 
the scramble code will be changed; and 
a changeover timing controlling step of control- 
ling timing to change said scramble code, 
wherein said scramble code assignment con- 5 
trolling step assigns scramble codes after the 
changeover to said communication terminal 
whose group needs to be changed due to said 
movement. 

10 

18. The radio communication method according to 
claim 16, wherein the scramble code assignment 
controlling step assigns the same scramble code as 
the scramble code set in the channel carrying out 
transmission with no directivity to a group to which 15 
the most communication terminals belong. 

19. The radio communication method according to 
claim 16 that performs processing of assigning 
scrambling codes differing from one group to anoth- 20 
er only when there is a shortage of spreading codes. 
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